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利油田 1#稠油和 2#稠油的降粘实验研究，取得了以下主要结果： 
在 240 ℃、5～8 MPa 的条件下，应用以上三种催化剂对 1＃稠油进行催化降粘，反




效果 好，当水油比为 20:100，稠油中催化剂质量分数为 0.01%时，稠油粘度下降 71.1%；
在催化剂质量分数相同的条件下，当体系中无水时，稠油降粘率为 86.2%。 
借助一系列分析测试方法对反应前后的油样进行表征：气相色谱分析结果证实，催
化降粘反应后气体产物中有部分 H2S 生成，CS2、COS 生成量较少；以镍联吡啶、铁联
吡啶为催化剂时，气体产物中只有 CH4 和 C2H6；以油酸镍为催化剂时，气体产物中含
























With the continuous development of global economy, light oil can not meet the needs of 
countries all over the world, while heavy oil is difficult to exploit due to its high viscosity and 
poor fluidity. Therefore, it’s in the limelight to develop visbreaking techniques of heavy oil 
with high efficiency, low energy consumption and cost. At present, a catalytic visbreaking 
technique is receiving more attention in the visbreaking research activity. Water-solubility 
transition metal catalysts, oil-solubility transition metal catalysts, super acid catalysts and 
heteropoly acid catalysts have been reported to have visbreaking activity. In this paper, three 
organic transition metal catalysts, that is, nickel oleate, nickel 2,2'-bipyridine and iron 
2,2'-bipyridine complexes, were prepared and used to reduce the viscosity of 1# and 2# heavy 
oil from Shengli oilfield. The results were obtained as follows: 
Under the conditions: reaction temperature of 240 , pressure℃  of 5~8 MPa, three 
organic nickel and iron catalysts were used to reduce viscosity of 1# heavy oil, respectively. 
Its viscosity was reduced by 63.0% by the nickel 2,2'-bipyridine complex catalyst when the 
mass ratio of catalyst to oil was 0.2% and the mass ratio of water to oil was 10%. The 
reduction of viscosity of oil without water could reach to 84.0% with the same mass ratio of 
catalyst to oil. 
Under the same reaction conditions, iron 2,2'-bipyridine complex catalyst could reduce 
the viscosity of 2# greatly, and the viscosity reduction was 71.1% when the mass ratio of 
catalyst to oil was 0.01% and the mass ratio of water to oil was 20%. With the same mass 
ratio of catalyst to oil, viscosity reduction of 2# oil without water was 86.2%.  
A series of characteristic methods have been used to investigate the mechanism of 
visbreaking of Shengli heavy oil. The gas produced by the visbreaking reactions was 
determined by GC and found to consist of H2S, CS2, COS, CH4, C2H6, C3H8, n-C4H10, i-C4H10, 
which proved that part of C-S bonds and C-C bonds in the compounds in heavy oil broke 
during the reaction process. In the gas, the amounts of H2S were more than CS2, COS. Using 
nickel and iron 2,2’-bipyridine, the gas after visbreaking reaction was composed of CH4 and 
C2H6. While using nickel oleate, the gas included CH4, C2H6, C3H8, n-C4H10, i-C4H10. The 
composition of the heavy oil before and after visbreaking reaction was determined using 
liquid-solid adsorption chromatography. The results revealed that amount of saturate in the oil 
increased, while that of aromatic, resin and asphaltene decreased after the visbreaking 














aromatic increased, while that of resin and asphaltene decreased after the visbreaking reaction. 
The IR spectra of saturate, aromatic, resin and alphaltene showed that the characteristic peaks 
of methyl, methylene and (CH2)n in saturate and aromatic were enhanced after visbreaking 
reactions，which accorded with the change in viscosity of the oil. While the characteristic 
peaks of methyl, methylene and organic sulfide in resin and alphaltene were weakened after 
visbreaking reactions, which proved that resin and alphaltene cracked. 
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6000×108 m3（含预测资源量），是常规原油可采储量1500×108 t 的2.7倍[1]。因此，稠油
将在今后的国家能源战略中占据重要地位。 
1.1  稠油的基本概念及性质 







表1-1  UNITAR推荐的重质原油及沥青分类标准[2] 
Table 1-1  Heavy oil and bitumen classification by UNITAR 
第一指标 第二指标 
分类 
粘度①（mPa•s） 密度（60 ℉），kg/m3 0API②（60 ℉） 
重质原油 102～104 934～1000 20～10 
沥青 ﹥104 ﹥1000 ＜10 
注：①指在油藏温度下的脱气油粘度，用油样测定或计算出。 
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表1-2  我国稠油分类及开采方法 
Table 1-2  Classification and recovered methods of heavy oil in China 








特稠油 1×104～5×104 ﹥0.95 国内外成功的经验是采用注蒸汽进行吞吐
开采。 

















拿大Alberta重油中杂原子占21～29 % [7]。 
我国稠油的特点是胶质成份多，一般含20%～40%，沥青含量较少，一般为5～10%，
因而和国外的稠油相比，粘度高，而相对密度低。同时，我国稠油中含硫量较低，一般
















第一章  文献综述 
3 


























第一章  文献综述 
4 






































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
